Oral tolerance is a biological pathway for the induc tion of systemic immunological hyporesponsiveness against a specific food antigen to prevent or minimize aberrant immune responses (1) (2) (3) . Ingested food pro teins are normally degraded to their smaller compo nents with digestive enzymes in the gastrointestinal tract and are absorbed into the intestinal epithelium. But some dietary foods escape from the degradation process and are absorbed considerably as allergenic epi topes. Thus, a failure in or defectiveness of oral toler ance may lead to an adverse reaction(s) to dietary food antigens (i.e., food allergy), resulting in the production of specific antibodies including IgE, a key molecule of anaphylaxis (4) .
Oral tolerance is characterized by a systemic hypore sponsiveness to ingested food antigens and can be ex plained by at least two possible mechanisms depending upon the antigen dose and frequency of administration (5) (6) (7) . A high dose of antigen has been demonstrated to lead to T helper 1 (Th1) anergy, whereas multiple low To whom correspondence should be addressed. E-mail: ota@nutr.med.tokushima-u.ac.jp doses of antigen supported active suppression by down regulating the regulatory T-cells secreting cytokines. Other factors such as aging (3), genetic background (8) , and environment are also critical for the induction or maintenance of oral tolerance. Although, it has been reported that nutritional status and some nutrients af fect cellular and humoral immune responses (9, 10) , to date the effects of nutritional status on oral tolerance to dietary antigens are poorly understood. In particular, nutritional status appears to be an influential factor for increased allergic reactions judging from the rarity of allergic diseases until World War II, and over the past few decades allergies have been frequently considered to be a social problem caused by recent changes in life style and dietary habits (11) (12) (13) . Although Asian coun tries used to have a low rate of allergic diseases as com pared to Western countries, increasing prevalence has been reported in Japan, Hong Kong, and Taiwan, with wide variations within the continent. Next to egg al lergy, cow's milk allergy is a common issue in view of its high incidence of 2-10% among children (14, 15) and 1% among the adult population (16). Therefore, we tried to investigate whether the manipulation of nutri- the 20% protein group upon BLG administration. Moreover, in both the BLG-fed and water-fed groups, the production of IL-4 was significantly lower in the 5%
protein group than that in the 20% protein group. Footpad reactions to BLG To test whether or not the effect of dietary protein on spleen cell proliferation in vitro is reflected in immuno logical reaction in vivo, we examined footpad reactions in the mice. As shown in Fig. 6 , the 5% protein group showed significantly lower footpad swelling than that of water-fed control mice. In contrast, in the 20% protein group, footpad swelling was not significantly different between the BLG-fed and water-fed control groups.
DISCUSSION
Oral tolerance is a state of immunological unrespon siveness induced by prior feeding of specific food anti gens. When food antigens are presented, antigen-spe cific cells develop in different ways depending on the dose, frequency, and nature of the antigen, resulting in different states of oral tolerance. Nutritional status may also be a major factor to ensure the induction of oral tolerance (19). Although dietary protein was shown to affect the induction of oral tolerance against ovalbu min, a major allergen that causes egg allergy (18), in our previous study, it is not clear yet whether this toler ance occurs with other antigens through Th1 and/or Th2-mediated immune responses, To address the effects of dietary protein on oral tolerance, groups of mice were maintained on two different diets prepared in such a way that they provided the same amount of calories with different amounts of protein. In this study, the mice that were maintained on a low dietary protein ate more food than the mice on the protein-sufficient diet in order to meet their physiological needs. Moreover, mice fed the 5% protein diet had a lower gain in body weight and fewer lymphocytes in their spleens despite the ade quate consumption of food. These results were consis tent with a previous study from our laboratory (18) and the results of others (10, 17) . Oral tolerance was induced by exposing mice to BLG followed by ip immunization with the same antigen and then evaluated. To investigate the in vivo level of toler ance generated by multiple feedings of BLG, the produc tion of total IgE and specific IgE, IgG 2 a, and IgG1 anti bodies against BLG were measured. First, the marked ef fects shown in mice fed the 5% dietary protein were characterized by down-regulated total IgE when com 
